Authors have been conducting a study in order to find a way to perform a non-destructive.
INTRODUCTION
In civil engineering, especially in construction sites, it is essential to investigate the degree of damage and the depth of foundation piles and pillars. Currently, non-destruction measurement methods are being used in these cases because of time and money consideration. Ultrasonic wave and elastic impact wave methods are currently used as typical non-destructive testing methods to be applied to a concrete object such as a foundation pile for construction. The latter is performed with using a hammer as its input making this method inaccurate and hard to obtain the same result each time.
Therefore, ultrasonic measurement method was chosen over elastic impact wave method to be applied in this study.
However, by using the conventional ultrasonic measurement method, since the input is very small, the depth of the investigation is very shallow. Therefore, if it becomes possible to input ultrasonic wave vibration into the concrete foundation pile, deeper depth investigation with higher precision will be attained. Authors have designed a non-destructive measurement system, which uses two ultrasonic transducers as shown in Fig.1 . One transducer is used as an input to transmit ultrasonic wave into the concrete object and the other is used to receive the reflection wave that comes back as an output.
Two patterns of sensor settings can be seen in Fig.1 (a) and (b).
First, the sensors are set as pattern 1 to measure the velocity of the ultrasonic wave in the concrete foundation pile using the known length. In this experiment, this method was applied to the major axis of the measuring object to obtain accurate velocity. Then the sensors are set as pattern 2 in order to measure the depth of the subject. In Fig.1 (a) , foundation pile has no damage so only the depth is measured by the system. In Fig.1 (b) the foundation pile has a fracture on the path of the ultrasonic wave so the ultrasonic waves reflects back from there as well as the reflection wave from the bottom making it possible to estimate both the damage and the depth of the foundation pile. Furthermore, when the obtained output waveform had the direct wave and the reflection wave mixed, the arrival time of the reflection wave was found out by using cepstrum analysis.
-4)
. From these analyses, it was shown the possibility that the size of target can be estimated by using cepstrum analysis, even when the target size was unknown. This was compared to the case when auto-correlation was used as its method of analysis because an ideal strength of input had to be chosen to attenuate the direct wave in order to estimate the arrival time of the reflection wave.
However, cepstrum analysis was effected greatly by noise, and therefore it was not able to detect the reflection wave clearly 1-4). In this paper, scale measurement experiment of a concrete test piece intended for foundation pile was conducted.
Also, in order to make this influence less effective, Langevin transducer was used instead of the AE transducer for inputting ultrasonic wave with stronger amplitude and average response method was applied before analyzing the waveform with cepstrum analysis. It was thought that, by using a stronger input from Langevine transducer instead of the input from AE transducer, better SN ratio would be achieved. 1-4) As a result of the experiment, it was confirmed that the clarity of the.
detection of a reflection wave improved by using Langevine transducer as its input and applying average response method before performing cepstrum analysis. As the result, the length of the concrete test block was estimated at 893mm, and the error was 7mm.
EXPERIMENT
(1) Experimental Setup Fig.2 shows the schematic of the experimental setup. In this study, a concrete test piece with 120mm square and 900mm major axis was used. The main objective of this study was to obtain the actual length of the major axis. In construction sites, foundation piles with major axis length of over 10 to 20m are used. It is thought that this method can be applied to smaller piles with major axis length, maximum of 5m regarding its input strength and the ultrasonic wave attenuation. First, the minor axis, which was intended as the part of the foundation pile that shows up above the ground in the real situation, was measured using the ultrasonic wave measuring method. It is a simple method where the time it takes for the ultrasonic wave to move through a specific object with an already known length is used to calculate the velocity of the ultrasonic wave.
It can be assumed that, the minor axis will not always be above the ground for measurement in which case, conventional velocity of ultrasonic wave in concrete will be used. The two sensors measurement method in this study is mainly intended for foundation pile with some of its part showing above ground however, it can be applied in different situations.
The ultrasonic wave measuring method was carried out using transducers set as shown in Fig.2 (pattern 1). Using the minor axis, which is attached on both sides facing each other, the experiment was carried out. These transducers were attached with electron wax. Then, the transducers were attached as shown in Fig This time, the major axis of the concrete was measured Here, the projected equation of the direct wave and the reflection waves is discussed. First the direct wave propagating on the surface of the concrete test block can be written as x(t). When the reflection coefficient is constant despite its frequency, the decreasing rate of x(t) is expressed as r and the time lag of x(t) is expressed as T. By using these coefficients, the reflection wave can be expressed as r.x(t-T). Also, when the receiver AE transducer receives an array of reflection waves, this system can be thought as an impulse response system, shown in Eq.(1). ƒÂ (t): inpulse g(t): impulse response from the system Variable y(t) can be considered as the output of this system when signal x(t) is inputted into this system. Therefore, convolution equation can be written.
(4) Experiment of receiving the reflection wave Input waveform was directly given using the function generator and the output waveform was given the receiver AE transducer. The vertical axis indicates voltage (V) and the horizontal axis, time (ms). Burst wave with frequency of 40kHz was used as its input and out put wave was received with receiver AE transducer. However, reflection wave could not be distinguished because the Langevin ceramics vibrate violently and it could not be easily damped. In this paper, the frequency of input signal was set to 40kHz, because improvement of measuring accuracy was aimed by making frequency high. Also, separation of a direct wave and a reflection wave was tried by shifting the frequency of an input signal a little from the resonance frequency of AE transducer1).
If this output waveform included the reflection wave, the arrival time of the reflection wave was obtained using cepstrum analysis.
CEPSTRUM ANALYSIS (1) Basic Theory of Cepstrum Analysis Cepstrum analysis is a way to separate and analyze the signals when several signals are add up to form a convolution equation5).
According to the explanation given in chapter 2, (3), variable y(t) can be considered as the output of this system when signal is inputted into this system. Therefore, convolution equation can be written as Eq. (2). As shown above in Eq.(9), sharp peaks appear on the arrival time of the reflection wave and the multiple of T. The existence of the reflection wave, its arrival time T, and its attenuation constant r can be estimated from the appearance of the sharp peak.
(3) Difficulties Using the Cepstrum Analysis
Cepstrum analysis is a very effective way to detect the reflection wave, which has the same frequency characteristics as the direct wave. It gives us an acute peak when it detects a reflecton wave. However, cepstrum analysis also has vulnerability of its own. Fig.9 and 10 each shows the results during the cepstrum analysis being applied to the data during its process. FFT was performed on the data. It can be observed that the difference between the needed data and the noise data is big in this case. Fig.10 shows the result during the cepstrum analysis when logarithm was taken after FFT was performed to the data.
It can be observed that the difference between the needed data and the noise data is relatively very small here. Thus showing that cepstrum analysis is vulnerable to relatively small noise.
(4) Computer Simulation
In this section, the result of a computer simulation is shown, which was carried out to test the effectiveness of the cepstrum analysis. The main purpose here was to conduct a test to see how the result of the cepstrum analysis varies with different degree of noise added to the generated waveform. This simulation was carried out using MATLAB.
First of all, in order to generate a waveform imitating the result obtained from actual ultrasonic wave measuring method, a waveform with frequency component of 40kHz, steadily declining its amplitude was generated. Then, as the reflection wave, waveform with its frequency component of 40kHz and 0.077 times smaller in size was added at 2ms. The rate of decrease was decided according to the experiment done in section 1 on this chapter. This generated waveform is shown in Fig.11 . Finally, cepstrum analysis was conducted on the generated waveforms to see whether it will detect the reflection wave or not Fig.15 and 16 show these results. From these results, it can be concluded, when the waveform obtained as the result of this experiment have an SN ratio that is close to 40 or higher, optimum result will be obtained.
(5) Result of Detecting the Depth of Foundation Pile Using Cepstrum In our previous research, AE transducer was used to input ultrasonic wave to subject. However, the obtained result contained high degree of noise. Therefore, the results varied when cepstrum analysis was used to obtain the arrival time of the reflection time. This was because cepstrum analysis was vulnerable to noise. In order to solve this problem, authors have used Langevine transducer as an input for stronger amplification and to make the noise less effective.
Here the results are shown when Langevin transducer with resonance frequency of 40kHz was used as the transmitter and AE transducer resonance frequency of 50kHz was used at the receiving end. Fig.17 shows the result obtained by the receiver AE transducer when burst waveform with frequency component of 40kHz was inputted into the concrete test piece. In Fig.20 , the cepstrum peak was confirmed at 0.5 ms.
Therefore the arrival time of the reflection wave was confirmed at 0.5ms. Compared to previous results1-4) with AE transducer as the input to the system, the cepstrum peak stands out by itself. By using this result, the length of the concrete test piece can be calculated as shown below in Eq.(11).
l1: length of the major axis of the concrete test piece which the ultrasonic wave propagates initially l 2: length of the major axis of the concrete test piece which the ultrasonic wave propagates after it has reflected from the bottom of the object *the length between the sensors are ignored because it is minimal compared to the major axis of the concrete test piece As result, the length of the concrete test piece was estimated as 893mm. The actual length of the concrete test piece was 900mm therefore; the margin of error was 7mm. The accuracy of the measurement have improved mainly because in previous researches, the result of the cepstrum was greatly effected by noise, making it hard to distinguish the arrival time from the background noise.1-4) In this research, the effect noise was reduced and the peak became distinguishable.
CONCLUSION
Authors have developed a system, still at the experimental stage that measures the depth of the concrete object with precise accuracy and repeatability. This technique can be applied for measuring length of foundation piles.
From this system, authors were able to obtain an output wave, which contains the wanted reflection wave mixed together with the unwanted direct wave. In this paper, emphasis was on separating the reflection wave from the mixed wave by using the cepstrum analysis. However it was not able to separate the direct wave and the reflection wave because the cepstrum analysis is vulnerable to noise and the data contained large degree of noise. By performing a computer simulation, it was able to define that; the SN ratio between data and noise must exceed 40 in order to obtain an ideal result.
In order to solve this problem, Langevine transducer was used as the input of the measurement system and average response method was used before performing the cepstrum analysis. As a result, the arrival time of the reflection wave was shown clearly on the peak of the cepstrum waveform. The length of the concrete test piece was calculated at 893 mm by using the arrival time of the reflection wave and the velocity of ultrasonic wave inside the concrete test piece. The actual length of the concrete test piece was 900mm therefore; the margin of error was 7mm. This is a precise value compared to the case when elastic impact wave method with hammer is used because of high resolvability of ultrasonic wave, compared to that of a hammer produced wave.
